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INDUCTION OF TUMORS BY 3:4:5:6-DIBENZCARBA-
ZOLE IN MALE MICE OF THE CBA STRAIN, WHICH
DEVELOPS SPONTANEOUS HEPATOMA*
L. C. STRONG, G. M. SMITH, AND W. U. GARDNER
Boyland and Brues2 have reported work on the carcinogenic
activity of the dibenzcarbazoles and related substances. After a
theoretical discussion of the chemical relationships between the
naphthylamines and benzidines, which have been assumed to be
responsible for cancer of the bladder in industrial workers, and the
carbazoles, they discuss their findings with benzene solutions painted
on the backs of mice and rats. Their summary is as follows: "a
and ,-BDinaphthylamines have shown no carcinogenic activity
when tested in the usual wayby painting on mice. 3:4:5:6-Dibenz-
carbazole and 1:2:5:6-dibenzcarbazole produced malignant changes
in the skin of mice in 180 and 250 days respectively. 1:2:.7:8-
Dibenzcarbazole produced only one papilloma and one epithelioma
in twenty mice after 500 days' treatment."
These authors further state that "Among the mice painted with
3:4:5:6-dibenzcarbazole, 807o of those which survived over a
month have shown hypertrophic biliary changes, ranging from a
simple localized increase in the number of ducts in the portal areas,
to diffuse growth of metaplastic biliarytissue throughout the lobules.
Most of the mice surviving over 200 days have shown nodules of
altered hepatic cells resembling hepatoma. It isestimated that these
changes can occur after the administration of about 0.8 mg. (for bile
duct hypertrophy) and 6 mg. (for hepatoma) of the substance. No
metastases from the liver lesions have been seen."
The purpose of the present investigation was to test out the
carcinogenic activity of 3:4:5:6-dibenzcarbazole on mice belonging
to the genetically controlled CBA and A stocks, in one of which
(CBA) spontaneous hepatomas of benign character have occurred."2
The two stocks of mice used in the present investigation were:
(I) CBA and (II) A.
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(I) The CBA inbred strain' 1,12 at the present time is of par-
ticular interest not only for the study of the genetic origin of spon-
taneous tumors to which they give rise but also for the investigation
of the induction of tumors by pure chemicals. Several distinctive
types ofspontaneous tumor arise in individuals ofthis strain. Among.
these neoplasms may be mentioned carcinoma of the mammary
gland, ofthe lung, and ofthe ovary; squamous-cell carcinoma ofthe
skin; melanoma; giant-cell sarcoma; and hepatoma. The origin
of such a diverse array of tumors in different individuals of the
same highly inbred stock of mice suggests, or even emphasizes, the
constitutional factor in the onset of cancer. There is strong pre-
sumptive evidence that some ofthe types of tumor could be separated
by genetic selection into divergent sub-lines. But the manner in
which the strain has been developed,-that of a brother-to-sister
matingand the elimination of all sub-lines in each and every genera-
tion,-suggests that such a procedure would be extremely difficult.
By such asystem ofinbreeding, all mice in each succeedinggeneration
are descended from only one pair of individuals. This certainly
diminishes geneticvariability. In spite ofthis precaution ofinbreed-
ing in the most rigid sense of the word, the above array of neoplasms
is continually being found.
The history of the induction of tumors by coal tar' 3,4,5,6, 7, 8, 13
has demonstrated the fact that susceptibility to such growths is defi-
nitely inherited. According to the work of Lynch,4' 5 6,7,8 such a
transmission is inherited according to the accepted laws of Mendelian
heredity. Andervont1 has recently expressed the same opinion rela-
tive to the induction of tumors by dibenzanthracene.
The value of the use of individuals of the CBA strain for the
present purpose is based upon two features (1) the demonstration of
a constitutional factor in the induction of tumors by pure hydro-
carbons, since there obviously is an intrinsic predisposition in these
mice to develop a diversity of spontaneous tumors, and (2) the test-
ing out of a possible receptivity of the liver of these mice to a stimu-
lant of bile-duct epithelium.
Spontaneous Hepatomas in CBA Mice
Forty-two individuals of this strain have, so far, developed spon-
taneous hepatomas. These have occurred at an average age of 613
days, and in both sexes at approximately equal rates. A great
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diversity of liver cell types, ranging from flattened, polygonal, oval,
round, and spindle-shaped cells are present in different areas of a
single tumor. Certain tumors tend to become angiomatous. The
biliary duct system is apparently absent in the sections of hepatoma
thus far investigated. It was of interest to ascertain the possible
effects of 3:4:5:6-dibenzcarbazole, particularly on the liver of these
mice.
(II) The A strain10 of mice has been continued over a period of
eighteen years through sixty-four inbred generations. During this
time, carcinoma and adenoma of the mammary gland, carcinoma of
the lung, embryoma of genital tissues, and leucemia have been
detected in different individuals of the strain. No case of hepatoma
has ever been seen in a direct descendant of this strain. Individuals
of the A strain have consequently been used in this experiment
in order to serve as controls in the testing out of the possible con-
stitutional factor involved in the origin of hepatoma induced by a
carcinogen.
Experimental
1. In the first experiment five male mice of the CBA strain
were painted twice weekly during a period of several months with
a 0.5 per cent solution of 3:4:5:6-dibenzcarbazole in benzene. This
preliminary experiment was undertaken in order to test out the
carcinogenicity of the material as received from London on a strain
which normally produces hepatoma. Four of the five mice devel-
oped a typical squamous-cell carcinoma of the skin (Fig. 1) at the
site of application; one of the mice developed a spindle-cell sar-
coma beneath the site of painting; while one of the first four mice
also developed a tumor involving both the skin and the subcutaneous
connective tissue. This tumor has the appearance, therefore, of a
carcino-sarcoma (Fig. 2). All five mice showed a mild and scat-
tered lymphoid infiltration of the liver. In many areas of this
mildly inflamed liver tissue there was hyperplasia of small bile
capillaries. No tissue comparable to the circumscribed benign hepa-
toma normally arising in adult mice of this strain could be found in
any of these livers.
2. In the second experiment, eighteen adult male mice of the
CBA strain were injected six times at weekly intervals with an oil
of sesame solution of 3:4:5:6-dibenzcarbazole; 1 mg. of this ma-
terial dissolved in I cc. of the oil. Injections consisted of 0.2 cc.
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placed subcutaneously on the right side of the mouse. A total of
1.2 mg. of the carcinogenic agent was thus injected into each mouse.
In order to have the mice reach the approximate age at which spon-
taneous tumors of the liver naturally arise, only adult male mice
were used. Female mice were not used in order to eliminate the
possible occurrence of tumors of the mammary gland during the
experiment.
The data obtained with the eighteen male mice are given in
Table I. It will be noted that mouse No. 122,670 died shortly
TABLE I
Vital data on the eighteen CBA mice comprising the first injection experi-
ment. Incorporated are data on: age of the mice at the start of the experiment,
the time (in days) at which the local sarcoma was detectable, age of the mice when
sarcoma was discovered, age when mice died or were killed, and the presence and
age of hepatoma at time of autopsy.
Tumor Age
Mouse Age Start Noticed Age Tumor Age Killed Hepatoma
118,104 359 162 521 563 (H) 563
116,354 470 142 612 631 (H) 631
116,861 433 162 595 596 (H) 596
116,430 470 186 656 674
117,019 431 - 449
115,701 509 518
116,147 502 142 644 654
116,081 499 142 641 660
119,257 302 162 464 506
115,480 524 608 (H) 608
122,073 131 99 230 251
121,443 166 120 286 291 (H) 291
121,720 137 99 236 257
120,802 218 99 317 338
121,932 138 99 237 248
122,144 114 99 213 234
122,670 139
122,137 159 72 231 293
after it was placed on experiment. Another, No. 117,019, died
eighteen days after the first treatment, with a suppurative infection
of the kidneys. All of the remaining sixteen males developed neo-
plastic lesions. Two of them, Nos. 115,480 and 115,701, showed
small pearl-like so-called carcinomas of the lungs. It is felt that
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FIG. 1. (Above): An epithelioma of the skin occurring in mouse CBA 121,717,
following painting with a 3:4:5:6-dibenzcarbazole-benzene solution for a period of
214days. xlOO.
FIG. 2. (Lower left): A carcino-sarcoma occurring in mouse CBA 121,336,
following painting with 3:4:5:6-dibenzcarbazole-benzene solution for a period of
235 days. x 175.
FIG. 3. (Lower right): A spindle-cell sarcoma occurring in mouse CBA
124,794, following the injection of 1.2 mg. of 3:4:5:6-dibenzcarbazole dissolved
in sesame oil. The sarcoma, developing 92 days after the start of treatment, is
shown infiltrating the muscles of the abdominal wall. x 500.DIBENZCARBAZOLE TUMORS IN MICE
there is no apparent correlation between these tumors and the
injection experiment. However, fourteen ofthe mice developed sar-
coma at the site ofinjections. All tumors arising at the site of injec-
tion appeared to be spindle-cell sarcomas (Fig. 3), rapidly infiltrat-
ing the abdominal wall, growing in the direction of the peritoneal
cavity, and not attached to the skin. All occurred in close proximity
to retained oil cysts. Several of the mice had two nodules.
Five mice in this experiment developed circumscribed liver cell
tumors, which were in all respects similar to those arising spontane-
ously in mice of the CBA strain, but appeared at dates earlier than
do the usual spontaneous hepatoma.
The average age of the eighteen mice at the start of the experi-
ment was 316 days. The age at the start oftheexperimentofthefive
mice injected with dibenzcarbazole which later developed hepatomas
was 390 days; for those mice which developed only sarcoma at the
site of the injection without aliver hyperplasia the age was 288 days.
The hepatomas, therefore, arose in those mice which were older at
the start of the experiment. Thus, it is imperative to approach the
approximate age of spontaneous tumors in order to obtain similar
tumors in mice receiving 3:4:5:6-dibenzcarbazole.
3. The third experiment consisted of the injection of twenty-
four additional adult males of the CBA strain. Data on the age
of the mice at the start of the experiment, the number of days
elapsing before the detection of the local tumor, the age at the time
the local tumor was palpable, the age at autopsy, and the presence of
a hepatoma (H) are included in Table II. The same technic of
handling the mice was followed in the second experiment. All mice
developed localized sarcoma at the site of injection. Three showed
well-formed nodular hepatomas. Twelve of the mice (at autopsy)
showed grossly pronounced pathological lesions involving the liver
with adhesions to the diaphragm. In many cases the lobes of the
liver were greatly shrunken and thickened. In several of these
mice, secondary sessile nodules had grown out from the surface of
the inflamed liver. These nodules were not regarded as neoplastic.
4. The fourth experiment consisted of the injection of eighteen
adult male mice of the A strain with 1.2 mg. of 3:4:5:6-dibenz-
carbazole dissolved in sesame oil over a period of six injections
at approximately 7-day intervals.
The data obtained with these mice are given in Table III. One
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TABLE 1I
twenty-four CBA mice comprising the second
injection experiment.
Tumor
Age Start Noticed
126 130
199 111
160 101
105 66
147 145
151 89
182 92
122 92
178 113
179 115
177 88
179 145
362 88
275 97
136 139
218 90
206 178
184 114
168 84
178 125
181 104
173 78
174 83
164 103
on the eighteen
Age Start
215
195
160
165
168
223
103
171
180
211
188
336
242
241
241
241
241
165
TABLE III
A mice comprising the third injection
Tumor Noticed Age Tumor
86 301
82 277
105 265
105 270
98 266
138 361
94 197
84 255
94 274
94 305
80 268
112 448
94 336
156
76
112
113
397
317
353
278
experiment.
Age Killed
301
277
265
270
266
361
197
255
274
305
268
448
336
397
317
353
278
Mouse
124,494
122,935
122,661
123,614
122,742
123,916
123,217
124,794
123,383
123,377
123,373
123,363
120,636
122,021
124,922
123,111
122,858
123,323
123,931
123,508
123,491
123,598
123,514
124,267
Age
Hepatoma
(H) 240
(H) 291
(H) 298
Age Tumor
156
310
261
171
292
240
274
214
291
294
265
324
450
372
275
308
384
298
252
303
285
251
257
267
Age Killed
156
310
261
171
292
240
274
214
291
294
265
324
450
372
275
308
384
298
252
303
285
251
257
267
Vital data
Mouse
122,520
123,060
123,683
123,524
123,541
122,474
125,270
123,634
123,422
122,929
123,648
120,961
122,775
122,457
122,459
122,458
123,015
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mouse, No. 122,457, was killed shortly after the start of the experi-
ment in order to ascertain the extent of early changes in the liver.
Observation disclosed that a low-grade inflammation in the liver,
consisting of scattered foci of lymphocytes, preceded the onset of the
local subcutaneous sarcoma. The remaining seventeen mice all de-
veloped subcutaneous sarcoma at the site of injection in relation to
retained oil cysts. Gross changes in the liver could be detected in
approximately fifty per cent of the mice. These changes, shrinkage
and thickening of the lobes, simulated to a great degree the changes
observed in the livers of mice ofthe CBA strain subjected to dibenz-
carbazole. One apparent difference, however, was the absence of
secondary nodules growing out of the surface in the livers of mice
of the A strain.
Comparative Data on A and CBA Mice
The rate at which local sarcomas appeared in mice of the two
strains is given in Chart 1. It appears that mice of the A strain
develop local tumors at the site of injection slightly earlier than
do mice of the CBA strain. However, this difference is not a strain
difference but rather one of age, as the following analysis will point
out. When the mice of the CBA strain were separated into three
classes depending on age at the start of the experiment, it was seen
that mice of the younger group developed sarcomas slightly earlier.
These dataare given in Table IV.
TABLE IV
Vital data on CBA and A male mice injected with 3:4:5:6-dibenzcarbazole
solution. The data indicate that age of the host is a factor involved in determining
the time required for the induction of a spindle-cell sarcoma by a carcinogen.
Strain Age at start (days) Latent period (days)
146.0 97.4
CBA ......... ............. 198.0 115.6
424.6 148.2
A.I 160.8 96.1 243.7 108.5
In order to compare mice of the two strains, therefore, only those
belonging to the same age period are used (these corrected data are
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CHART 1. This chart shows graphically the data obtained on the rate at which
male mice of the CBA and A strains developed induced spindle-cell sarcoma at
the site of injection. The number of days after the start of the experiment is
given along the base-line; the percentage number of the mice is given along the
vertical line. That is, the data are cumulative in the successive ten-day periods.
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CHART 2. This chart shows the data on the rate at which male mice of the
CBA and A strains developed induced spindle-cell sarcoma. Only mice of the
same age group are included. There is obviously no difference between the two
curves.DIBENZCARBAZOLE TUMORS IN MICE
given in Chart 2). When this is done it is obvious that there is
no difference between mice of the two strains in their response to
sarcoma arising in the retained oil cysts.
The rudimentary mammary glands in male mice receiving 1.2
mg. of 3:4:5:6-dibenzcarbazole are uninfluenced, thus demonstrat-
ing that the chemical has no detectable estrogenic activity in the
mouse. Observation of the testes and male accessory organs gave
no evidence of any inhibitory or other effects. Representative ani-
mals from the above experiments were examined and showed that
there had been no gross effect on either the mammary glands or
reproductive tracts. There were no pituitary, thyroid, or adrenal
changes detected, nor did the epithelium of the urinary tract disdose
pathological changes.
Discussion
The application of a 0.1 per cent benzene solution of 3:4:5:6-
dibenzcarbazole to the skin of mice (Strong CBA strain) produces a
variety ofpathological effects. Not only are local neoplasms (papil-
loma, carcino-sarcoma, andspindle-cell sarcoma) produced atthe site
of painting, but also pronounced changes in the liver with dia-
phragmatic adhesions are brought about. These liver changes are
similar to those described by Boyland and Brues, although the sever-
ity of the lesions is somewhat less pronounced. In areas of hepa-
titis, local overgrowth of biliary ducts and ectasia are brought about.
There is no evidence that these bile duct overgrowths are neoplastic
for this strain within the limits ofthe experiment. (Figs. 4, 5, 6.)
The injection of 1.2 mg. of the same substance dissolved in
sesame oil (dosage divided over six injections spaced a week apart)
gave consistently a rapidly infiltrating spindle-cell sarcoma at the
site of injection, beginning near surviving oil cysts. There appar-
ently is no strain difference in male mice in their response to the
induction of sarcoma (for the dosage used, 1.2 mg.); both CBA
and A mice developed sarcoma at precisely the same rate after the
start oftheexperiment.
There apparently is an age factorin the induction of dibenzcarba-
zole sarcoma in mice. These data are presented in Table IV and
graphically in Chart 2. In young mice of the CBA strain (which
averaged 146 days at the start of the experiment), 97 days were
required to produce sarcoma; whereas in mice which averaged 424
days, 148 days were required to produce sarcoma.
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The effect upon the liver is variable, depending to a considerable
extent upon the strain to which the mice belong. One A male
was sacrificed early in order to ascertain the time relationships
between the local sarcoma and hepatitis. In this mouse a scattered
lymphoid infiltration of the liver was very pronounced even though
there appeared tobe no sign as yet of alocal subcutaneous sarcoma.
The degree of hepatitis appeared to be approximately the same
in mice of the two strains. In two particulars, however, the CBA
mice seemed to differ from the A mice. No evidence of bile duct
overgrowth could be detected in the inflamed livers of CBA mice
after subcutaneous injection of dibenzcarbazole. This is in contrast
to the painting experiment where this phenomenon had been seen.
This difference may be one of time relationship, since in the injection
series the mice were all killed within 156 days after the start of the
experiment, whereas in the painting experiment the mice were per-
mitted to live for more than 270 days. In A mice, however, a
pronounced bile duct overgrowth, frequently with ectasia, was the
usual finding after subcutaneous injection. The second difference
between CBA and A mice was the fact that eight of the CBA
male mice showed definite hepatomas similar to those encountered
spontaneously in normal male mice of the same strain. No growth
resembling a hepatomacould be ascertained in any A mouse. Thus,
hepatomas are produced in those mice (CBA) which have an intrinsic
susceptibility to develop spontaneous tumors having the same char-
acteristics at a somewhat earlier age.
One difference was seen in the hepatomas occurring in male mice
receiving 3:4:5:6-dibenzcarbazole from those occurring spontane-
ously in male mice of the same CBA strain. The spontaneous
hepatomas have been devoid of all traces of bile-duct epithelium,
whereas in the hepatomas occurring in mice receiving the dibenz-
carbazole, bile-duct epithelium could be made out in many sections.
Hepatomas in treated mice occurred slightly earlier in life than in
normal untreated individuals.
Summary
1. The painting of a 0.1 per cent benzene solution of 3:4:5:6-
dibenzcarbazole on the skin of mice induces a variety of pathological
lesions: (a) epithelioma of cutaneous tissues, (b) carcino-sarcoma
344FIG. 4. (Above): The effect on the liver of the subcutaneous injection of
1.2 mg. of the 3:4:5 :6-d.ibenzcarbazole solution. Mouse A 122,474 with liver
changes at 138 days following start of treatment. This lesion shows newly formed
bile capillaries with varying degrees of dilatation lying in an area of lymphoid
infiltration. x 200.
FIG. 5. (Below, left): A higher magnification of newly formed bile ducts fol-
lowing subcutaneous injection of the 3:4:5 :6-dibenzcarbazole. Mouse 122,929
autopsied 94 days after start of the treatment. x 350.
FIG. 6. (Below, right): Mouse A 122,459, 156 days aftcr the start of the
injection of 1.2 mg. of the 3:4:5:6-dibenzcarbazole solution. The liver shows an
area of bile-duct hyperplasia and advanced ectasia. x 200.DIBENZCARBAZOLE TUMORS IN MICE 345
of the subcutaneous tissues, (c) sarcoma, (d) a low-grade inflamma-
tion of the liver, and (e) a hyperplasia of biliary ducts.
2. The injection of 1.2 mg. of the same substance dissolved
in sesame oil (dosage divided over six injections) induced sarcoma at
the site of injection in 100 per cent of both CBA and A mice at
identically the same rate.
3. The injected material produced a low-grade inflammation, of
approximately the same severity, in the liver in both CBA and A
mice.
4. Bile-duct hyperplasias are frequently seen in mice of the
A strain.
5. In CBA mice there is rarely seen a bile-duct hyperplasia;
at least, this is true of the present investigation.
6. Eight cases of benign circumscribed hepatoma have been
observed in eight CBA mice receiving injections of 3:4:5:6-dibenz-
carbazole. The age frequency of these liver growths was earlier
than those previously recorded in CBA mice under normal condi-
tions of life.
7. No hepatomas were noted in A mice receiving the identical
treatment. A constitutional factor in the production of benign liver
tumors is thus indicated.
8. 3:4:5:6-Dibenzcarbazole disclosed no estrogenic activity in
the mouse in the amounts used .(1.2 mg. divided over a period of
six weekly injections). There were no detectable microscopic
changes in any tissue of the endocrine system or of the urinary tract.
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